Thiopentone inhibits beta-adrenergic responses in myocardial tissue
Timothy A. Thurston MD, Babu P. Mathew MS 4 Other possible sites where thiopentone may act to decrease myocardial contractility include sarcolemmal calcium binding sites 5 and sarcoplasmic reticulum. 6 Beta! adrenergic agonists activate myocardial adenyl cyclase, causing a well-described positive inotropic effect. 7 Betaj adrenergic responses are mediated via external cellular receptors. Attachment of a beta, adrenergic agonist to its receptor activates the G protein, G s that then combines with adenyl cyclase and increases the activity of the enzyme. In a similar manner, adenosine and acetylcholine bind to cell receptors and activate G ; that combines with adenyl cyclase and decreases the enzyme's activity. The function of the myocardial adenyl cyclase system can also be modified by other agents. Forskolin directly interacts with adenyl cyclase to increase the activity of the enzyme. Dibutyryl cyclic adenosine monophosphate (cAMP) is a nonhydrolyzable analogue of cAMP that can cross cell membranes and mediate a positive inotropic response that is unaffected by agents that inhibit adenyl cyclase activity. 8 The activity of adenyl cyclase from heart, lung, and 12 Whether barbiturates inhibit the function of the adenyl cyclase cascade in intact cells has not been extensively studied. Massart et al showed that the TSHstimulated cAMP levels in isolated thyrocytes are reduced by thiopentone, and this phenomenon is associated with decreased production of thyroglobulin and tri-iodothyroxine. 13 Vasopressin-induced cAMP production in toad urinary bladder and water flow across the bladder membrane are likewise inhibited by phenobarbitone and methohexitone. 14 Since barbiturates interfere with adenyl cyclase activity in a variety of tissues including myocardial membrane preparations, we investigated the physiological importance of inhibition of the adenyl cyclase cascade in contributing to the myocardial depression by thiopentone.
The purpose of this study was to determine the importance of inhibition of beta-adrenergic function in thiopentone-induced myocardial depression. Using an isolated, electrically stimulated rat left atria model, contractile dose-response curves to thiopentone (200 \iM, 400 nM, 600 fxM, 800 fxM) were shifted to the right in preparations treated with 10~3 M dibutyryl cyclic adenosine monophosphate (cAMP) compared with atria stimulated with 10~6 M isoprenaline, demonstrating that inhibition of beta-adrenergic mechanisms by thiopentone is physiologically important. Depression by thiopentone was similar in atria treated with 10~5 Mforskolin compared with preparations stimulated with 10~6 M isoprenaline, indicating that thiopentone does not block beta-adrenergic receptors. It is concluded that thiopentone depresses myocardial function by several mechanisms, one of which involves inhibition of the adenyl cyclase cascade. The adenyl cyclase enzyme is a likely site where thio-

Methods
Determination of thiopentone dose-response curves
After approval by the University of Texas Medical Branch Animal Care and Use Committee, 200-250 g Wistar rats were sacrificed under halothane anaesthesia followed by quick removal of the heart. The left atrium was excised and placed in warmed (37° C) Kreb's solution (composition in millimolar: NaCl 118; KC1 4.6; MgSO 4 4.9; CaCl 2 2.5; glucose 11; NaH 2 PO 4 1.2; NaHCO 3 25) bubbled with 95% O 2 , 5% CO 2 . The muscles were mounted to a force transducer (Grass, model FT03, Quincy, MA, USA) and 1.0 g base tension was applied. Contractions were induced with an electric stimulator (Grass model S88) at 1.0 Hz (1.0 ms squarewave bursts of 5.0 V) and peak tension was displayed and measured on a polygraph (Gould Electronics, model 2400, Cleveland, OH, USA). The atria were allowed to stabilize for 60 min before experiments began. Baseline contractions remained stable throughout the experimental period.
External field stimulation of isolated cardiac muscle has been shown to cause release of neurotransmitters from peripheral nerve terminals. 15 Because barbiturates can inhibit release of neurotransmitters from peripheral autonomic nerves, 16 maximal doses of atropine (10~6 M) were added to the bath to avoid confounding the results with this effect. For the same reason, maximal doses of isoprenaline (10~6 M) were used. Preparations initially were exposed to atropine (10~6 M) and allowed to stabilize. Isoprenaline (10~6 M) or dibutyryl-cAMP (10~3 M) was then added in the continued presence of atropine. After the muscles had re-equilibrated, dose-response curves were obtained with cumulative doses of thiopentone. Thiopentone was then washed, with all preparations recovering to within 90% of the tension before adding the barbiturate. Similar dose-response curves were obtained using maximal doses of forskolin (10~5 M). Only one drug was tested on each preparation.
Statistics
Results are expressed as means ± SEM; P values were determined using two-tailed Student's t test, with P < 0.05 considered statistically significant.
Drugs
Thiopentone was obtained from Abbott Laboratories (North Chicago, IL). All other chemicals and reagents were obtained from Sigma (St. Louis, MO).
Results
Addition of atropine (10~6 M) to isolated contracting atria caused a small positive inotropic response (peak tension increased to 115 ± 3.5% of control values, P < 0.05). The addition of maximal doses of isoprenaline (10~6 M) to the bath increased contractile tension to 303 ± 14% of initial tension, which was not different from the increase in tension by maximal stimulation with 10~3 M dibutyryl cAMP (tension increased to 295 ± 11% of initial tension). The dose-response curve (Figure 1 ) for thiopentone was shifted to the right in preparations treated with dibutyryl cAMP.
The increase in twitch tension by 10~5 M forskolin (337 ± 41% of initial tension) was not different from stimulation with isoprenaline. The depression by thiopentone in these preparations was not different from that observed in isoprenaline-stimulated atria (Figure 2 ).
Discussion
The results of this study demonstrate that myocardial depression by thiopentone is attenuated in atria stimulated with dibutyryl cAMP when compared to preparations treated with the beta-adrenergic agonist isoprenaline. The myocardial depression induced by thiopentone in forskolin-treated muscle was not different from the depression in atria stimulated with isoprenaline.
Previous work has shown that the activity of adenyl cyclase from membrane preparations of various tissues can be inhibited by barbiturates.
"
12 Only two studies have examined the influence of barbiturates on myocardial adenyl cyclase. Weinryb et al 9 found that the activity of adenyl cyclase from guinea pig ventricular homogenates was decreased in the presence of brominated barbiturates, and Khatter et al. 10 showed that high doses of pentobarbitone inhibit adenyl cyclase activity of rat sarcolemmal preparations. An important limitation of these two studies is that inhibition of adenyl cyclase activity by barbiturates in tissue homogenates may not have a physiological consequence in intact muscle. We performed this study using intact muscle to clarify the im- portance of inhibition of the adenyl cyclase cascade in contributing to myocardial depression by thiopentone. The right-ward shift in the thiopentone dose-response curve in preparations treated with dibutyryl-cAMP compared with isoprenaline-stimulated atria indicates that inhibition of the adenyl cyclase cascade by thiopentone has physiological importance in cardiac muscle. These results are supported by other studies that have shown that barbiturates inhibit adenyl cyclase mediated responses in intact cells. I3>14 However, most of the depression in contractility by thiopentone is not related to alterations of adenyl cyclase function. Thiopentone could potentially inhibit the betaadrenergic system at multiple sites: (1) direct blockade of beta-adrenergic receptors, (2) interference with the coupling of beta-adrenergic receptors to adenyl cyclase either by alteration of membrane mechanics or G protein function, (3) interference with the activation of adenyl cyclase by G s or other activators, (4) direct inhibition of adenyl cyclase activity, (5) inhibition of pathways activated by adenyl cyclase, or (6) acceleration of the degradation of cAMP. Forskolin causes a positive inotropic effect by directly activating adenyl cyclase. Since the dose-response curves to thiopentone were identical in forskolin-treated and isoprenaline-stimulated preparations, direct blockade of beta-adrenergic receptors is an unlikely mechanism that thiopentone decreases contractility. Barbiturates have been shown to directly inhibit adenyl cyclase activity in rat brain, probably by interfering with the activation of adenyl cyclase by the G protein, N s n Direct inhibition of myocardial adenyl cyclase or interference with the activation of adenyl cyclase by G s or forskolin are possible mechanisms that thiopentone could attenuate myocardial beta-adrenergic responses. Alternatively, accelerated degradation of cAMP or inhibition of pathways activated by cAMP may also contribute to the reduction of myocardial contractility by thiopentone. It is not possible to determine the exact site or sites that thiopentone inhibits the adenyl cyclase cascade from the results of this study; however, beta-adrenergic receptor blockade is an unlikely mechanism.
Since we performed this work in isolated tissue, inhibition of adenyl cyclase activity by thiopentone may have greater or lesser importance in whole animals and human patients. Clinical experience has shown that patients who are highly dependent on sympathetic tone (and therefore adenyl cyclase activity) to maintain cardiovascular stability tend to have exaggerated depressive responses to thiopentone. It is possible that inhibition of adenyl cyclase activity may be an important factor in mediating the cardiovascular collapse that is seen with administration of thiopentone in such patients.
In conclusion, our results demonstrate that part of the myocardial depression induced by thiopentone is secondary to inhibition of the adenyl cyclase cascade. However, other mechanisms are also involved in mediating thiopentone negative inotropy. Inhibition of adenyl cyclase may be an important mechanism that thiopentone causes an exaggerated cardiovascular depression in patients with high sympathetic tone.
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